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(57) ABSTRACT

A photographing device includes a pressure sensor that
detects a pressure received by the photographing device; a
detection unit that detects whether the photographing device
is placed in the water or in the air; and a storage unit that stores
image information. A controller of the photographing device
starts an operation of generating time-series pressure data on
the basis of an output of the pressure sensor when a first state,
in which the photographing device is placed from the air into
the water, is detected. The controller stops the operation of
generating the time-series pressure data when a second state,
in which the photographing device is placed from the water
into the air, is detected, associate the image file stored in the
storage unit from the first state to the second state with the
time-series pressure data, and store again the image file in the
storage unit.

4 Claims, 7 Drawing Sheets
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1
PHOTOGRAPHING DEVICE AND CONTROL
METHOD THEREFOR

FIELD OF THE INVENTION

The present invention relates to a photographing device
capable of underwater photographing and a control method
therefor.

BACKGROUND OF THE INVENTION

A camera disclosed in JP6-67277A can record data of a
water depth where a photograph was taken in a magnetic
recording unit disposed in a film.

The camera disclosed in JP6-67277A records only water
depth data when a photographing operation was performed
along with image data. The camera records one image data
associated with one water depth data. For example, when a
user sees the image data photographed underwater during
diving after some time has elapsed, the water depth datais one
type of information that can become a clue to recall the scene
or situation in which the photographing was performed.

SUMMARY OF THE INVENTION

A photographing device according to one aspect of this
invention is capable of a photographing operation in the
water. The photographing device comprises an operation unit
that instructs start of the photographing operation; a photo-
graphing unit that obtains a subject image as image data; a
pressure sensor that detects a pressure received by the photo-
graphing device; a detection unit that detects whether the
photographing device is placed in the water or in the air; a
storage unit that stores image information; and a controller
that generates an image file on the basis of the image data and
stores the image file in the storage unit if the operation unit is
operated. The controller functions to: start an operation of
generating time-series pressure data on the basis of an output
of the pressure sensor when a first state, in which the photo-
graphing device is placed from the air into the water, is
detected from an output of the detection unit. The controller
functions to stop the operation of generating the time-series
pressure data when a second state, in which the photograph-
ing device is placed from the water into the air, is detected
from an output of the detection unit, associate the image file
stored in the storage unit from the first state to the second state
with the time-series pressure data, and store again the image
file in the storage unit.

A control method of controlling a photographing device
according to another aspect of this invention is capable of a
photographing operation in the water. The control method
comprises a detecting step of detecting whether the photo-
graphing device is placed in the water or in the air; a first
generating step of generating time-series pressure data by
measuring a pressure received by the photographing device in
a predetermined cycle when a first state in which the photo-
graphing device is placed from the air into the water is
detected in the detecting step; an obtaining step of making a
photographing unit obtain a subject image as image data; a
second generating step of generating an image file on the
basis of the image data when an operation unit that instructs
start of the photographing operation is operated; and a step of
recording the image file generated from the first state to a
second state in a storage unit in association with the time-
series pressure data when the second state in which the pho-
tographing device is placed from the water into the air is
detected in the detection step.

20

25

30

35

40

45

50

55

60

65

2

The details as well as other features and advantages of this
invention are set forth in the remainder of the specification
and are shown in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram schematically illustrating an
internal configuration of a digital camera;

FIG. 2 is a flowchart illustrating a main routine of control
executed by a system controller;

FIG. 3 is a flowchart illustrating an interrupt routine of log
data recording processing executed by the system controller;

FIG. 4 is a flowchart illustrating a control routine of infor-
mation connection processing according to a first embodi-
ment;

FIG. 5A is a diagram illustrating an example of an image
file;

FIG. 5B is a diagram illustrating an example of an updated
image file;

FIG. 6 is an example of display in which an image taken
underwater is arranged on a graph indicating a relationship
between duration of a dive and a water depth;

FIG. 7 is an example of the display in which the image
taken underwater is arranged on a map indicating a diving
path of the user;

FIG. 8 is a flowchart illustrating a control routine of the
information connection processing according to a second
embodiment;

FIG. 9 is atree diagram illustrating an example of directory
information of a memory according to the second embodi-
ment; and

FIG. 10 is a diagram illustrating an example of a log file
stored in a new folder according to the second embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

FIG. 1 is a block diagram schematically illustrating an
internal configuration of a digital camera (also referred to
simply as a camera). The digital camera is capable of an
underwater photographing operation, that is, of underwater
photographing.

A system controller 100 which functions as a control unit
that controls an operation of the digital camera is provided
with a CPU 110 and a plurality of circuit blocks (functional
blocks). The plurality of circuit blocks include an image
processing circuit 122, a compression/expansion circuit 124,
an AF (autofocus) control circuit 126, an AE (automatic expo-
sure) control circuit 128, an AD (analog-digital) converter
130, a timer counter 132, a communication control circuit
134, a GPS (Global Positioning System) decoder circuit 136,
a motion vector detecting circuit 138, a face recognition cir-
cuit 140, a sound codec circuit 142, an electric power control
circuit 144 and the like. The CPU 110 and the plurality of
circuit blocks are connected to each other via a control line
and a bus line, and each circuit block is controlled by an
instruction of the CPU 110.

The system controller 100 is connected to an image pickup
device 214 through an image pickup device IF (interface)
circuit 212. Also, the system controller 100 is connected to a
focus-and-zoom mechanism 218 that drives a photographing
lens 216, a diaphragm driving mechanism 222 that drives a
diaphragm 220 of the photographing lens 216, a shutter driv-
ing mechanism 226 that drives a shutter 224, and an image
pickup device displacement mechanism 228 that moves the
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image pickup device 214. The focus-and-zoom mechanism
218 is a mechanism that adjusts a focal position of the pho-
tographing lens 216 and a focal distance of the photographing
lens 216. The diaphragm 220 driven by the diaphragm driving
mechanism 222 controls an amount of light which passes
through the photographing lens 216 and reaches the image
pickup device 214. The shutter 224 driven by shutter driving
mechanism 226 sets the image pickup device 214 to an expo-
sure state or a light shielded state. The image pickup device
displacement mechanism 228 is a mechanism that displaces
the image pickup device 214 on a plane perpendicular to an
optical axis of the photographing lens 216 during an exposure
operation in order to prevent deterioration of an image by
hand shake.

The photographing lens 216 forms an image of light taken
in from the outside of the camera on the image pickup device
214. The image pickup device 214 converts an image of a
subject (optical image) formed by the image pickup device
214 to an image signal by photoelectric conversion. The
image pickup device 214 is a CCD (charge coupled device) or
a CMOS (complementary metal-oxide semiconductor) sen-
sor, for example. The image pickup device IF circuit 212
includes a circuit that generates a driving signal of the image
pickup device 214 in accordance with a control signal of the
system controller 100, an AD conversion circuit that AD-
converts an output of the image pickup device 214 and the
like. The image signal of the optical image is AD-converted
by the image pickup device IF circuit 212 and inputted into
the system controller 100 as image data. The image pickup
device IF circuit 212, the image pickup device 214, and the
photographing lens 216 constitute a photographing unit 210
that obtains a subject image as image data.

The system controller 100 is further connected to an angu-
lar velocity detection circuit 230, an azimuth detection circuit
(electronic compass) 240, an acceleration detection circuit
250, an air-pressure/water-pressure detection circuit 260, a
water sensor 270, and a clock circuit 280. The air-pressure/
water-pressure detection circuit 260, the water sensor 270,
and the clock circuit 280 constitute a dive computer.

The dive computer may be provided separately from the
camera and attached to a body or may be provided as an
accessory that can be detachably attached to the camera. If the
dive computer is provided separately from the camera, it may
have a communication function so as to communicate with
the camera. Also, the dive computer may be built in the
camera.

The angular velocity detection circuit 230 has an angular
velocity sensor (an X-axis gyro 232, aY-axis gyro 234) and an
angular velocity sensor processing circuit 236. Also, the azi-
muth detection circuit 240 has a magnetic sensor (azimuth
sensor) 242 and a magnetic sensor processing circuit 244.
Also, the acceleration detection circuit 250 has an accelera-
tion sensor 252 and an acceleration sensor processing circuit
254. Also, the air-pressure/water-pressure detection circuit
260 has a pressure sensor 262 and a pressure sensor process-
ing circuit 264.

The system controller 100 is electrically connected to a
display element 314 through a display element driving circuit
312, is electrically connected to a touch panel 324 though a
touch panel driving circuit 322, and is electrically connected
to a detachable memory card 334 through a socket 332. The
memory card 334 can store image files. The display element
driving circuit 312 and the display element 314 constitute a
display unit. The display element 314 and the touch panel 324
constitute a touch-panel display.

Also, the system controller 100 is connected to a Flash
Rom 340 as a non-volatile memory, a SDRAM 350 as a
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volatile memory, a communication circuit 360, a GPS receiv-
ing circuit 370, and an operation switch 380, which is an
operationunit (or an operation member) of the digital camera.
The Flash Rom 340 stores a program 342 and a control
parameter 344. The Flash Rom 340 also has an internal image
storage memory 346, which is a region in which the image file
can be stored. The Flash Rom 340, the SDRAM 350, and the
memory card 334 constitute a storage unit that stores image
information.

The CPU 110 of the system controller 100 controls the
circuit blocks so that the following operations are performed.
The image processing circuit 122 applies processing of y-cor-
rection, color conversion, demosaicing and the like to the
image data outputted from the image pickup device IF circuit
212 and outputs the result to the compression/expansion cir-
cuit 124. The image processing circuit 122 may process the
image data for display inputted from the image pickup device
IF circuit 212 with a predetermined frame rate (30 fps, 60 fps)
and output the result to the display element driving circuit 312
when the digital camera is in a photographing-ready state.
This photographing-ready state is a state in which the digital
camera is set in an image recording mode, and a user is
directing the digital camera to a subject.

The display element driving circuit 312 displays an image
on the basis of the image data outputted from the image
processing circuit 122 to the display element 314. The image
displayed on the display element 314 at this time is generally
called a through image, a live view image, a monitor image
and the like.

The compression/expansion circuit 124 compresses the
image data outputted from the image processing circuit 122
and records the result in the memory card 334. The compres-
sion/expansion circuit 124 also expands the compressed
image data read from the memory card 334 and outputs the
results to the display element driving circuit 312 when the
digital camera is set in an image reproduction mode. The
display element driving circuit 312 outputs an image on the
basis of the image data inputted from the compression/expan-
sion circuit 124 to the display element 314. The display ele-
ment 314 displays the image inputted from the display ele-
ment driving circuit 312.

On the display element 314, the touch panel 324 is
arranged, and the touch-panel driving circuit 322 detects an
operation position (a position pressed or contacted by a finger
or a pen and the like) on the touch panel 324 and outputs the
result to the system controller 100.

The AF control circuit 126 adjusts the position of the pho-
tographing lens 216 so that sharpness of the image is maxi-
mized on the basis of the image data outputted from the image
pickup device IF circuit 212 during display of the live view
image. In this embodiment, a focus adjusting method called a
contrast method in general is used. The AE control circuit 128
determines conditions such as a diaphragm set value, a shutter
speed, a white balance or y-correction when a still image is
obtained on the basis of the image data outputted from the
image pickup device IF circuit 212 during the display of the
live view image.

The AD converter 130 converts the outputs of the sensor or
the detection circuit disposed in the digital camera to digital
data.

The timer counter 132 generates a time signal to be the
basis of an operation and notifies it to the CPU 110. On the
basis of the output of the timer counter 132, time including
operation time of the digital camera, obtainment interval of
the image data, measurement interval of outputs of the sensor
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or the detection circuit, exposure time of the image pickup
device, photographing interval in interval photographing and
the like are set.

The communication control circuit 134 controls the com-
munication circuit 360 constituted by an USB device control-
ler, an USB host controller, an IEEE 1394 controller, an
Ethernet (registered trademark) controller, a wireless LAN
controller and the like, for example. As a result, the digital
camera and an external device are made communicable.

The GPS decoder circuit 136 obtains trajectory informa-
tion (radio wave) received by the GPS receiving circuit 370
from a NAVSTAR satellite. The CPU 110 detects position
information of the digital camera on the basis of the obtained
trajectory information.

The motion vector detection circuit 138 detects a motion
amount of an entire image or a motion amount of a specific
subject on the basis of a motion vector between image data
inputted in a time series from the image pickup device IF
circuit 212.

The face recognition circuit 140 is a circuit that detects the
position of a human face in the image from the image data
inputted from the image pickup device IF circuit 212.

The sound codec circuit 142 AD-converts a sound signal
outputted from a microphone, not shown, through a micro-
phone amplifier with a predetermined sampling rate and con-
verts the result to a sound file (MP3, WMA and the like) in a
sound recording operation. And the sound codec circuit 142
stores the sound file in the memory card 334. In a sound
reproduction operation, the sound codec circuit 142 reads the
sound file from the memory card 334, converts it to a sound
signal and outputs it to a speaker amplifier. The speaker
amplifier amplifies the inputted sound signal and reproduces
the sound from a speaker, not shown.

The electric power control circuit 144 controls a DC/DC
converter 292, converts the output of a battery 294 to a pre-
determined voltage and supplies electric power to each circuit
unit.

The angular velocity sensor processing circuit 236 receives
the outputs of the X-axis gyro 232 and the Y-axis gyro 234,
converts them to predetermined signals and outputs the sig-
nals to the AD converter 130. The CPU 110 receives the
output data of the angular velocity sensor processing circuit
236 converted by the AD converter 130 and obtains shaking of
the digital camera as angular velocity data. The angular veloc-
ity data can be used for calculating the position of the digital
camera or a diving path of the user by a known method. Other
than the above, by integrating the angular velocity data during
the exposure operation, for example, a displacement amount
of the image pickup device 214 required for offsetting dis-
placement of the subject image caused by the shaking of the
digital camera can be calculated.

The magnetic sensor (azimuth sensor) 242 is a sensor that
detects a magnetic field of the earth. The output of the mag-
netic sensor 242 is converted by the magnetic sensor process-
ing circuit 244 to a predetermined signal and inputted into the
CPU 110 through the AD converter 130. The CPU 110 detects
the azimuth (direction), which is information relating to an
attitude of the camera on the basis of the magnetism of the
earth. The azimuth can be used for calculating the position of
the digital camera or the diving path of the user by a known
method.

The acceleration sensor 252 detects acceleration applied to
the camera. The output of the acceleration sensor 252 is
converted by the acceleration sensor processing circuit 254 to
a predetermined signal and inputted into the CPU 110
through the AD converter 130. The acceleration can be used
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for calculating the position of the digital camera or the diving
path of the user by a known method.

The operation switch (operation unit) 380 includes a power
switch that instructs on/off of a power source of the camera, a
release switch that instructs start of a photographing opera-
tion, a zoom switch that instructs a zooming operation, a
mode setting switch that sets an operation mode, an up/down
switch that sets a photographing condition and the like.

The pressure sensor 262 detects the pressure received by
the camera or the pressure of the environment where the
camera is placed. The pressure becomes an index of water
depth where the camera is placed. The CPU 110 obtains
detection data (output data) of the pressure sensor 262 con-
verted by the AD converter 130. The CPU 110 calculates the
water depth where the camera is placed on the basis of the
obtained detection data. Typically, the water depth is in pro-
portion with the pressure.

The water sensor 270 is a detection unit that electrically
detects whether the camera is placed in water or in the gas
(air). For example, the water sensor 270 detects electric resis-
tance or electric conductivity between two electrodes 272a
and 272b6. The CPU 110 obtains detection data (output data)
of the water sensor 270 converted by the AD converter 130.
The CPU 110 determines whether the camera is placed in
water or in the air on the basis of the obtained detection data.

The clock circuit 280 detects time. The clock circuit 280
transmits start time or end time and the like of underwater
photographing to the CPU 110 in accordance with the instruc-
tion from the CPU 110.

Referring to FIG. 2, an operation of the digital camera
according to this embodiment will be described. Here, an
operation of the CPU 110 in the system controller 100
executed on the basis of a program code 342 stored in the
Flash Rom 340 will be described by referring to the flowchart.

At Step S100, when the power switch is turned on and the
system controller 100 is started, an operation of initial setting
(initialization of memory, initialization of peripheral circuits
and the like) is performed.

At Step S102, an operation of the GPS is started. The CPU
110 starts position detection of the digital camera on the basis
of the trajectory information obtained by the GPS decoder
circuit 136 from the GPS receiving circuit 370. At Step S104,
the CPU 110 starts an operation of each sensor such as the
X-axis gyro 232, the Y-axis gyro 234, the magnetic sensor
242, the acceleration sensor 252, the pressure sensor 262, the
water sensor 270 and the like. The CPU 110 starts reading of
the output data from each sensor.

At Step S106, it is determined if the camera is in the
underwater photographing mode or not. That is, it is deter-
mined whether or not the underwater photographing mode
was selected by the mode setting switch. [fthe camera is in the
underwater photographing mode, the routine proceeds to
Step S108. If the camera is not in the underwater photograph-
ing mode, the routine proceeds to Step S118. At Step S118, a
usual camera operation is performed.

At Step S108, it is determined whether the underwater
photographing has been started or not. That is, on the basis of
the output data of the water sensor 270, it is determined
whether the camera is in a state placed in the water (first state)
or not. Whether or not the camera is placed in the water may
be determined on the basis of the output data of the pressure
sensor 262. If the underwater photographing has been started,
the routine proceeds to Step S110. If the underwater photo-
graphing has not been started, the routine returns to Step
S106.

At Step S110, GPS information (position information of
the digital camera) at the start of the underwater photograph-
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ing is obtained, and a start position of the underwater photo-
graphing is detected. At Step S112, since reception of a radio
wave in the water is difficult, the GPS operation is stopped. At
Step S114, start time of the underwater photographing is
obtained from the clock circuit 280.

At Step S116, in order to record log data (LogData: time-
series historical data), the timer counter 132 is set and an
interrupt operation is allowed. The timer counter 132 is set so
as to generate interrupt in every predetermined cycle (1 sec
(second), for example). As a result, the interrupt is generated
in every predetermined cycle in parallel with the operation of
the main routine in FIG. 2, and an interrupt processing routine
“log data recording processing” (FIG. 3) is called and
executed. Through this processing routine “log data record-
ing processing”, an output from each sensor (pressure, accel-
eration, angular velocity, azimuth) is measured in every pre-
determined cycle. The log data can be used for acquiring the
position (water depth and the like) of the camera during the
underwater photographing.

At Step S120, it is determined whether or not the release
switch has been turned on. If the release switch is turned on,
the routine proceeds to Step S122. [fthe release switch has not
been turned on, the routine proceeds to Step S128.

At Step S122, the image pickup device is exposed under a
predetermined exposure condition, and the image data is
obtained. The predetermined exposure condition is deter-
mined by the AE control circuit 128. At Step S124, header
information for the image data to be obtained is generated.
The header information includes photographing conditions
such as an exposure condition (Tv value, Av value, exposure
mode (diaphragm preference mode and the like)) and the like
in addition to the photographing time and a pressure when
photographing.

At Step S126, the CPU 110 generates and stores an image
file on the basis of the image data obtained at Step S122 and
the header information generated at Step S124. The header
information is stored in a header section of the image file, and
the image file is made up of the header information and an
image ina predetermined format (JPEG format, for example).
The image file is stored in a folder (DCIM-1000LY) gener-
ated in compliance with the DCF standard, for example, in the
memory card 334 or the SDRAM 350 (internal image
memory 346). An example of the image file is shown in FIG.
5A.

At Step S128, it is determined whether the underwater
photographing has been finished or not. That is, on the basis
of the output data of the water sensor 270, it is determined
whether the camera is in a state placed in the air (second state)
or not. Whether or not the camera is placed in the air may be
determined on the basis of the output data of the pressure
sensor 262. These operations correspond to a detection unit
that detects whether the photographing device is placed in the
water or in the air. If the underwater photographing has been
finished, the routine proceeds to Step S130. If the underwater
photographing has not been finished, the routine returns to
Step S120.

At Step S130, the end time of the underwater photograph-
ing is obtained from the clock circuit 280. At step S132, the
GPS operation is resumed. The CPU 110 starts position
detection of the digital camera on the basis of the trajectory
information obtained by the GPS decoder circuit 136 from the
GPS receiving circuit 370. At Step S134, the GPS information
(position information of the digital camera) is obtained when
the underwater photographing is finished, and the end posi-
tion of the underwater photographing is detected. At Step
S136, the interrupt operation is prohibited. At Step S138,
information connection processing, which will be described
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later, that associates the log data with the image data is
executed. The information connection processing is prefer-
ably executed immediately after the underwater photograph-
ing is finished but it may be executed when the power switch
of'the photographing device is turned off and the operation of
the photographing device is stopped, for example.

A flowchart in FIG. 3 illustrates the interrupt processing
routine of the log data recording processing.

At Step S200, an output (pressure) from the pressure sensor
262 is measured. At Step S202, the pressure (water depth)
data is stored in the SDRAM 350 (memory) as the log data
(time-series historical data). The log data is a series of data
measured in a time series.

At Step S204, an output (acceleration) from the accelera-
tion sensor 252 is measured. At Step S206, the acceleration
data is stored in the SDRAM 350 as the log data.

At Step S208, an output (angular velocity) from the angular
velocity sensor (the X-axis gyro 232, the Y-axis gyro 234) is
measured. At Step S210, the angular velocity data is stored in
the SDRAM 350 as the log data.

At Step S212, an output (azimuth) from the azimuth sensor
(magnetic sensor 242) is measured. At Step S214, the azimuth
data is stored in the SDRAM 350 as the log data. Outputs of
the acceleration sensor, the angular velocity sensor, and the
azimuth sensor do not necessarily have to be recorded as the
log data. However, if the photographing device has at least
any one of the acceleration sensor, the angular velocity sen-
sor, and the azimuth sensor, the output of this sensor is pref-
erably recorded as the log data along with the output of the
pressure sensor. For example, it is possible to acquire an
amount of movement of the user in the water by integrating
the outputs of the acceleration sensor, and convenience in
using the log data of the pressure sensor is improved.

A flowchart in FIG. 4 illustrates a subroutine of the infor-
mation connection processing executed at Step S138.

At Step S300, one or more image files to which the log data
is connected are selected. The selected image files are image
files generated from the start time to the end time of one
session of the underwater photographing, for example. At
Step S302, one of the selected image files are read out.

At Step S304, the start time and the end time of the under-
water photographing are recorded in the header section of the
read-out image file. At Step S306, the start position and the
end position of the underwater photographing is recorded in
the header section of the image file. At Step S308, the log data
is further recorded in the header section of the image file. As
a result, the log data to acquire the position of the camera
during the underwater photographing (water depth etc.) is
associated with the image data obtained in the underwater
photographing. Also, the measurement interval of the data
(pressure, acceleration, angular velocity, and azimuth) is
recorded in the header section of the image file. The data
measurement interval may be a predetermined cycle (1 sec,
for example), which is the interrupt interval of the interrupt
processing routine “log data recording processing” (FIG. 3).
At Step S310, the image file is stored again and rewritten
(updated). An example of the image file stored again is illus-
trated in FIG. 5B. In the above description, the log data is
stored in the header section (position prior to the image data)
of'the image file. However, this storage position is not limited
to the header section but may be stored in a footer section
(position after the image data) of the image file.

At Step S312, it is determined whether all the image files
selected at Step S300 have been rewritten or not. If all the
selected image files have not been rewritten, the routine
returns to Step S302, and the subsequent image file is read
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out. If all the selected image files have been rewritten, the
subroutine of the information connection processing is fin-
ished.

For example, as shown in FIG. 6, the camera or a separate
computer (information equipment) can generate a graph indi-
cating a relationship between diving time and the water depth
(change of the water depth over time), from the log data of the
underwater photographing start time, underwater photo-
graphing end time, data measurement interval, and pressure
recorded in the header section of the image file in FIG. 5B.
The camera or a separate computer (information equipment)
can arrange the image (it may be a thumbnail) taken in the
water on the graph so that the image is displayed by the
display unit or on a monitor. From the photographing time
recorded in the header section, it can be determined at what
position on the graph the image is to be arranged.

Also, for example, as shown in FIG. 7, the camera or a
separate computer (information equipment) can generate a
map indicating a diving path of the user on a horizontal plane
using the image file obtained in the end in FIG. 5B. The
camera or a separate computer can arrange the image (it may
be a thumbnail) taken in the water on the map so that the
image is displayed by the display unit or on a monitor. The
diving path of the user on the horizontal plane can be calcu-
lated by using an existing method from the underwater pho-
tographing start position recorded in the header section of the
image file and the underwater photographing end position,
log data (at least one of acceleration, angular velocity, and the
azimuth), and data measurement interval. At the same time, a
relationship between a point on the diving path and time can
be calculated. From the photographing time recorded in the
header section, it can be determined at what position on the
diving path the image is to be arranged.

The digital camera may additionally have a velocity sensor
in order to calculate the camera position and the diving path of
the user using the velocity. In that case, the log data of the
velocity is also obtained similarly to the acceleration, angular
velocity, and azimuth and is recorded in the header section of
the image file.

According to the first embodiment, the controller (control
unit) 100 generates time-series pressure data (pressure log
data) by measuring the output of the pressure sensor 262 in a
predetermined cycle when detecting the first state in which
the photographing device (camera) is placed from the air into
the water on the basis of the output of the water sensor
(detection unit) 270. The controller 100 associates the image
file generated from the first state to the second state with the
time-series pressure data and records it in the storage unit
(memory card, SDRAM and the like) when detecting the
second state in which the photographing device is placed
from the water into the air on the basis of the output of the
water sensor (detection unit) 270.

As a result, since the log data for calculating the position
(water depth) of the camera during the underwater photo-
graphing is associated with the image data obtained in the
underwater photographing and stored, the image can be asso-
ciated with the photographing process of the underwater pho-
tographing. For example, when an image is to be seen after the
underwater photographing is finished, the point where the
image was taken during the photographing process or diving
path can be associated with the image and displayed by the
display unit or the like.

When the release switch (operation unit) is operated, the
controller 100 records the image file generated on the basis of
the image data in the storage unit. When the second state is to
be detected, the controller reads out the image file generated
from the first state to the second state from the storage unit
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and adds the time-series pressure data to the header section of
each of the read-out image files and then, records it again in
the storage unit. Since the time-series pressure data is added
to the header section of each of the image files, the photo-
graphing process of the underwater photographing can be
easily associated with the image.

The photographing device has the GPS that detects posi-
tion information of the photographing device, and the con-
troller 100 adds the position information of the photograph-
ing device obtained in the first state and the second state to the
header section together with the time-series pressure data. As
a result, the start position and the end position of the under-
water photographing can be stored in association with the
image.

The photographing device is provided with at least one of
the azimuth sensor, the acceleration sensor, and the angular
velocity sensor. The controller 100 measures an output of at
least one of the sensors in synchronization with generation of
the pressure data. The controller 100 generates the time-series
output data (log data) and adds this time-series output data to
the header section together with the time-series pressure data.
As a result, the photographing path of the user in the under-
water photographing can be associated with the image. For
example, when a user is to see an image after the underwater
photographing is finished, the point where the image was
taken in the photographing path or diving path of the under-
water photographing can be associated with the image and
displayed by the display unit or the like.

Second Embodiment

In the first embodiment, the information connection pro-
cessing is executed in which the log data and the like is added
to the header section of each image data taken during the
underwater photographing. However, in the second embodi-
ment, the information connection processing is executed by
storing the image data taken during the underwater photo-
graphing and the log file and the like altogether in one folder.
The other configurations are the same as those in the first
embodiment.

A flowchart in FIG. 8 illustrates a subroutine of the infor-
mation connection processing (Step S138) in the second
embodiment.

At Step S320, in the memory card 334 or the internal image
memory 346, a new folder (here, named as MarinPhoto) is
generated as in FIG. 9. At Step S322, one or more image files
which the log data is connected to (associated with) is
selected. This selected image file is an image file generated
from the start time to the end time of one session of the
underwater photographing, for example.

At Step S324, one of the selected image files is copied from
a folder (DCIM-1000LY) generated in compliance with the
DCEF standard to the new folder (MarinPhoto).

At Step S326, it is determined whether all the image files
selected at Step S322 have been copied or not. If all of the
selected image files have not been copied, the routine returns
to Step S324, and the subsequent image file is copied. Ifall the
selected image files have been copied, the routine proceeds to
Step S328.

At Step S328, the log file (named as LogData.dat, here),
shown in FIG. 10 is generated and stored in the new folder
(MarinPhoto). The log file (LogData.dat) includes a combi-
nation of an image file name and the photographing time, the
underwater photographing start time, the underwater photo-
graphing end time, the underwater photographing start posi-
tion, the underwater photographing end position, the mea-
surement interval of data (pressure, acceleration, angular
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velocity, and azimuth), and the log data. As a result, the log
data during the underwater photographing is associated with
the image file obtained in the underwater photographing.

According to the second embodiment, the controller 100
starts to store the image file generated on the basis of the
image data in the storage unit when the release switch (opera-
tion unit) is operated. When the second state is detected, the
controller generates a folder in the storage unit, reads out the
image file generated from the first state to the second state
from the storage unit, and records it in the folder together with
the time-series pressure data. Since the image file generated
from the first state to the second state is stored in the same
folder together with the time-series pressure data, the photo-
graphing process in the underwater photographing can be
easily associated with the image.

The photographing device has the GPS that detects the
position information of the photographing device, and the
controller 100 records the position information of the photo-
graphing device obtained in the first and second states in the
same folder together with the time-series pressure data. As a
result, the start position and the end position of the underwa-
ter photographing can be stored in association with the image.

The photographing device is provided at least with one of
the azimuth sensor, the acceleration sensor, and the angular
velocity sensor. The controller 100 measures an output of at
least one of the sensors in synchronization with generation of
the pressure data, generates the time-series output data and
records this time-series output data together with the time-
series pressure data in the same folder. As a result, the pho-
tographing path or diving path of the user in the underwater
photographing can be associated with the image. For
example, when an image is to be seen after the underwater
photographing is finished, the point where the image was
taken in the photographing path or diving path of the under-
water photographing can be associated with the image and
displayed by the display unit or the like.

This invention is not limited to the above-mentioned
embodiments, and it is apparent that various changes can be
made within the scope of technical ideas thereof.

The present application claims priority from Japanese
Patent Application No. 2010-119244 filed with the Japan
Patent Office on May 25, 2010, the content of all of which is
hereby incorporated by reference into this application.

What is claimed is:

1. A photographing device adapted to perform a photo-
graphing operation underwater, the photographing device
comprising:

an operation switch that initiates the photographing opera-
tion responsive to a manual user operation of the opera-
tion switch;

a photographing unit that obtains a subject image as image
data during the photographing operation;

a pressure sensor that detects a water or air pressure on the
photographing device;

a detection unit that detects whether the photographing
device is placed in water or in air; a storage unit that
stores image information; and a controller that

(1) generates an image file on the basis of the image data
and stores the image file in the storage unit,

(2) starts an operation of generating time-series pressure
data on the basis of output of the pressure sensor when
the photographing device enters a first state, in which
movement of the photographing device from air into
water is detected from an output of the detection unit,

(3) stops the operation of generating the time-series pres-
sure data when the photographing device enters a second
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state, in which movement of the photographing device

from water into air is detected from an output of the

detection unit,

(4) associates any image files stored in the storage unit
during a time from entering the first state to entering the
second state with the time-series pressure data, and (5)
stores again the any image files in the storage unit,
wherein

responsive to a manual user operation of the operation
switch, the controller functions to store the image file
generated on the basis of the image data in the storage
unit, wherein when the second state is detected, the
controller functions to read out the any image files gen-
erated during the time from entering the first state to
entering the second state from the storage unit, and
wherein the controller associates the any image files
stored in the storage unit with the time-series pressure
data by adding the time-series pressure data to a header
section or a footer section of each of the read-out image
files, to generate modified image files.

2. The photographing device according to claim 1, further

comprising:

a GPS unit that detects position information of the photo-
graphing device, wherein

the controller functions to add the position information of
the photographing device detected by the GPS unit in the
first and second states to the header section or the footer
section together with the time-series pressure data.

3. The photographing device according to claim 1, further

comprising:

at least one of an azimuth sensor, an acceleration sensor, or
an angular velocity sensor, wherein the controller func-
tions to measure an output of the at least one of the
azimuth, acceleration and angular velocity sensors in
synchronization with generation of the pressure data,
generate time-series output data, and add the time-series
output data to the header section or the footer section
together with the time-series pressure data.

4. A method for use with a device capable of underwater

image acquisition, the method comprising:

a) detecting that the device moves from air into water;

b) responsive to the detection that the device is underwater,
repeatedly
1) measuring an output of a pressure sensor,

2) measuring an output of at least one of (A) an accel-
eration sensor, (B) an angular velocity sensor, or (C)
an azimuth sensor, and

3) storing, as underwater log data, the measured output
of the pressure sensor and the measured output of the
at least one of (A) an acceleration sensor, (B) an
angular velocity sensor, or (C) an azimuth sensor;

¢) receiving at least one manual image pickup user input;

d) responsive to each of the at least one manual image
pickup user input,

1) capturing an image, and

2) storing an image file corresponding the captured
image;

e) detecting that the device moves from water into air;

f) associating each of the at least one image file with the
underwater log data

g) responsive to the detection that the device moves from
air into water, obtaining first time and/or date informa-
tion;

h) responsive to the detection that the device is moves from
water into air, obtaining second time and/or date infor-
mation; and



US 8,670,030 B2
13

1) associating each of the at least one image file with the
first time and/or date information and the second time
and/or date information, in addition to the underwater
log data, wherein the act of associating each of the at
least one image file with the first time and/or date infor- 5
mation and the second time and/or date information, in
addition to the underwater log data includes, for each of
the at least one stored image file,

1) reading out the stored image file,

2) inserting the stored underwater log data, the first time 10
and/or date information and the second time and/or
date information into at least one of (A) aheader of the
read-out image file, or (B) a footer of the read-out
image file, to generate a modified image file, and

3) storing the modified image file. 15
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